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Background: Previous studies have suggested that young children are inaccurate reporters of dietary intake. The
purpose of this study was to validate a single recall of the previous day’s school lunch reported by 6–8 year old
Swedish children and to assess teacher-recorded intake of the same meal in a standardized food journal. An
additional research question was whether parents could report their child’s intake of the previous day’s lunch.
Subjects constituted a convenience sample from the large, multi-country study Identification and prevention of
Dietary- and lifestyle-induced health EFfects In Children and infantS (IDEFICS). Validations of both children’s recalls
and teachers’ records were made by comparing results with the duplicate plate reference method.
Findings: Twenty-five children (12 boys/13 girls) aged 6–8 years participated in the validation study at one school
in western Sweden. Children were accurate self-reporters of their dietary intake at lunch, with no significant
difference between reported and weighed intake (Mean difference (SD): 7(50) kcals, p=0.49). Teachers significantly
over-reported intake (Mean difference (SD): 65(79) kcals, p=0.01). For both methods, child-reported and teacher-
recorded, correlations with weighed intake were strong (Pearson’s correlations r=0.92, p<0.001 and r=0.83, p<0.001
respectively). Bland-Altman plots showed strong agreement between child-reported and weighed intakes but
confirmed systematic differences between teacher-records and weighed intakes. Foods were recalled by children with
a food-match rate of 90%. In all cases parents themselves were unable to report on quantities consumed and only four
of 25 children had parents with knowledge regarding food items consumed.
Conclusions: Children 6–8 years of age accurately recalled their school lunch intake for one occasion while
teachers recorded with less accuracy. Our findings suggest that children as young as six years of age may be
better able to report on their dietary intake than previously suggested, at least for one main meal at school.
Teacher-recorded intake provides a satisfactory estimate but with greater systematic deviation from the weighed
intake. Parents were not able to report on their children’s school lunches consumed on the previous day.
Keywords: Dietary intake, 24-hour recall, Child reported dietary intake, Relative validationBackground
Dietary assessment methods have differing levels of ac-
curacy, feasibility and costs [1-3] but all are prone to
systematic and random reporting errors [4-6]. Reporting
errors are particularly an issue in children and adolescents
mostly due to age related limitations in cognitive ability
[3-6]. Because young children are often unreliable re-
porters of dietary intake, parent or adult involvement in
dietary assessment is generally necessary [7-9]. Reportedly,* Correspondence: monica.hunsberger@gu.se
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distribution, and reproduction in any mediumthere is a transition period in cognitive development
between 8–12 years of age [3]. This implies that 8 years
of age may be a critical turning point in which some
children may start to overcome their difficulties in re-
porting dietary intake.
Depending on the dietary patterns of a given popula-
tion, children consume a varying proportion of meals at
school, and previous studies have explored means of
capturing this dietary intake [10-12] in the face of di-
verse dietary patterns. Swedish school children receive a
lunch meal during the school day at no cost. The pri-
mary aims of this study are to examine the validity of 6–
8 year old Swedish children’s self-reported dietary intakentral Ltd. This is an Open Access article distributed under the terms of the
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compared to the reference method. An additional re-
search question was whether a parent could report their
child’s intake of the previous day’s lunch.
Methods
Study design and participants
The IDEFICS (Identification and prevention of Dietary-
and lifestyle-induced health EFfects In Children and in-
fantS) study is a multi-center, prospective cohort study,
which includes children aged 2–9 years from 8 European
countries. In the period September 2007-June 2008, chil-
dren from pre- and primary-schools in each of the eight
countries participated in the baseline assessment. Parents/
guardians provided written informed consent. Data were
collected according to standardized operating procedures
(S.O.P.) and under adherence to a predefined protocol at
each survey center [13]. All survey centers received local
ethics approval. In Sweden the Central Ethic Review Board
approved this study (#264-07). In most survey centers
where children consumed a meal at school, teachers com-
pleted school meal forms to cover the period out of paren-
tal control. This sub-study is based upon a sample of
IDEFICS participants from western Sweden, n=25, (12
boys and 13 girls) aged 6–8 (mean 6.6) years who were
interviewed 183–344 days after the IDEFICS baseline sur-
vey. These children recalled intake of the previous day’s
lunch which teachers had recorded during the meal. In
this way we were able to assess the validity of child self-
reported intake, as well as validity of teacher-recorded in-
take, a method used in the main IDEFICS survey.
SACINA instrument
The SACINA (‘Self Administered Children and Infant Nu-
trition Assessment’) instrument [14] was developed for
assessing children’s dietary intake, based on an instrument
previously used with adolescents [15]. SACINA is a com-
puter assisted 24 h dietary recall program with photo-
graphs of country-specific foods showing varied portion
sizes for estimation and probing questions for usual com-
binations and often forgotten foods.
Reference method
In the school lunch study setting, children selected from
varied daily offerings of meat/fish/poultry or vegetarian, a
salad bar with up to ten vegetables, milk/water and rye
crackers; taking as much or as little as they wished. Data
were collected using the duplicate plate method by a sin-
gle unobtrusive research assistant who built a plate(s) that
was a duplicate to the child’s own [16]. This observer sat
with the children at their meal tables, interacted with the
children and teacher, and assembled additional duplicate
plates if the child revisited the self-service line. Thus, chil-
dren were aware of having an additional person at lunchbut did not know they were being observed or that they
would be interviewed. For this reason it was not consid-
ered necessary to schedule reactivity days to accustom
the children. Aside from the research assistant being
present there was no change to the seating arrange-
ment. Duplicate plates were discreetly set to the side for
weighing after the lunch period and to minimize dis-
traction. Any dropped, spilled or exchanged items were
included in the estimates of waste. Measurements took
place over an extended period beginning in June of
2008 and concluded in December of 2008 with a pause
for the summer break. The weight (in grams) for each
food item was calculated using an electronic scale
(Philips Scale HR2395, capacity 5 kg ±1 g). The portion
consumed was calculated by subtracting the plate waste
from the amount taken. Calculations of energy intake,
protein, fat and carbohydrate are based upon a shared
food database built upon the national food databases.
The project was overseen by an individual dietitian who
specializes in dietary assessment and who followed the
S.O.P. for dietary data collection of the IDEFICS study.
Test method 1
The following day (21–24 hours after) the study dietitian
administered an unscheduled SACINA recall of the
lunch meal with participating children following the
IDEFICS S.O.P. for parental recalls. Children were alone
with the dietitian in a quiet room that had a computer
on the desk. As described above, SACINA is a computer
assisted 24 h dietary recall program with photographs of
foods depicting varied portion sizes for estimation. All
children made the recall of the previous lunch before
consuming lunch on the day of recall.
Test method 2
In 14 of 25 children, five teachers from five different
classrooms recorded food consumption in a standar-
dized food journal during the meal on 14 non-
consecutive days after receiving training from the
dietitian responsible for the study. Teachers recorded
for only one child per meal observation in a standard-
ized food template for: item, quantity consumed, and
quantity remaining on the plate which was entered into
the SACINA program for analysis by the study dietitian.
Eleven records are not included in the study for the fol-
lowing reasons: one contained food items but not
amounts and ten were left blank (two of the blank re-
cords were from teachers who were assigned two chil-
dren on the same day). Teachers observed foods
consumed while the children were eating and com-
pleted estimates of total intake after the children had
gone, without clearly specifying multiple visits to the
service line or leftover portions but instead estimating
overall intake.
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Parents of each child were telephoned (16 mothers, 3 fa-
thers, 2 unknown, 4 unreached) and asked to recall their
child’s intake for the same meal. The same individual
study dietitian who performed the recalls with children
phoned parents in the evening following their child’s re-
call at school. During the unscheduled call, parents were
asked only if they could recall their child’s dietary intake
at lunch on the previous day. The calls followed a stan-
dardized script to assure that all parents were asked the
same questions in the same manner.
Anthropometry
Anthropometry was measured at the baseline examin-
ation in late 2007 and early 2008 at the child’s school
following IDEFICS S.O.P. [13]. Body mass index (BMI)
was categorized according to the criteria of the Inter-
national Obesity Task Force (IOTF) [17].
Statistical analysis
Normality of distribution was analyzed using the
Kolmogorov-Smirnov test. As data were normally dis-
tributed, the agreement between the methods (report
and recorded v. weighed) was tested using paired t-
tests. The differences between reported and recorded
versus weighed intake were calculated in terms of total
energy (kcal), protein (kcal), fat (kcal) and carbo-
hydrates (kcal). Negative values represent underesti-
mation and positive values overestimation of reported
and recorded versus weighed intake. Pearson’s correla-
tions assessed the strength of the association between
weighed and reported and recorded intake. Agreement
between test methods and weighed intake were as-
sessed using the Bland-Altman method [18]. The differ-
ences between test methods and weighed intake were
plotted against the mean difference respectively adding
95% confidence limits of agreement [19]. All analyses
were performed using the statistical software package
SPSS for Macintosh (version 20.0, SPSS Inc., Chicago,
IL, USA).
The power to detect an energy difference of 50 kcal
between the reference method and children’s recalls and
teachers’ records are >0.9 and 0.7 respectively and hence
satisfactory. The power to detect a difference in macro-
nutrient energy intake ranges from 0.4 to >0.9. The
power to detect a correlation of at least 0.60 between
reference data at a significance level of α = 0.05 was 0.91
(n=25) for children’s recalls and 0.67 (n=14) for teachers’
records.
Overall food matches
To examine differences between the measured lunch in-
take of the 155 weighed food items and the child’s recall,
two authors, both dietitians, examined output from bothinstruments following methods previously published
[20,21]. Both the child reported intake and the weighed
intake were entered into SACINA for assessment.
SACINA calculates total calories and macronutrients
based on a comprehensive food composition database
[14]. From the SACINA output, foods from the two sys-
tems (reference method and child-report) were classified
into four mutually exclusive categories: exact matches at
the food level, matches at the food-category level (e.g.,
chopped leaf of lettuce vs. chopped leaf of white cab-
bage), intrusions (foods reported by the child but not
weighed on day of observation) and omissions (foods
weighed on the day of observation but not reported in
the child recall).
Results
Weighed caloric intake ranged from 113-579 kcals
(average 313 kcals). Differences between child-reported
intake, teacher-recorded intake (total energy and mac-
ronutrients in kcals) and weighed intake are shown in
Table 1 with participant characteristics. The reported
intake closely resembled the weighed intake. A paired
t-test indicated no significant differences between child
reported and weighed intake (Mean difference (SD) 7
(50) kcals, p=0.49). Pearson’s correlation showed a
strong correlation between children’s recalls and the
reference method (r = 0.92, p<.001). Further, agreement
by Bland-Altman plot (Figure 1) shows all but one child
reported intake within 2 SD of the mean energy. This
agreement indicates that these children, 72% under 8 years
of age, were good reporters of their intake. Figure 1 also
indicates that underreporting by children was larger
in cases of large reported energy intakes and child
over-reporting was smaller in cases of smaller energy
intakes. These findings may be contrasted with those
suggesting that children aged seven and younger are
not able to accurately report dietary intake [2,3,20,22].
In a sensitivity analyses examining only children youn-
ger than eight years (n=18), the results for the whole study
were confirmed; paired t-tests showed no statistical dif-
ferences between child report and observed intake.
In addition, Pearson correlation was slightly stronger,
(r=0.94) when eight year olds were excluded. It may
be of practical significance to note this finding since
8 years of age represents a potentially critical cogni-
tive stage [4].
Examining overall food matches, we found that chil-
dren who consumed 3–11 food items (mean of 6),
recalled foods correctly in most cases. Children matched
at the food level 90% of the time, ranging from 67%-
100% accuracy. Examined by child age group, 6 year olds
had 98% accuracy, 7 year olds 91% accuracy, and 8 year
olds 86% accuracy in overall food matches. Interestingly,
the older children were the least accurate in reporting.
Table 1 Participant characteristics, total energy intake by reference method and differences of child-reported and
teacher-recorded from reference intake shown in kcals
Presented by age
distribution
Total energy and macronutrient
reference intake
Difference child-reported
and weighed intake
Difference teacher-record
and weighed intake
ID Age Sex BMI * Energy Protein Fat Carb Energy Protein Fat Carb Energy Protein Fat Carb
21 6 F normal 484 56 214 214 −87 −11 −26 −50 35 7 −15 43
22 6 F normal 464 115 109 239 −62 −19 −20 −23 - - - -
23 6 M thin 334 83 103 149 −17 −5 −17 5 - - - -
24 6 F thin 205 38 74 93 54 6 37 11 67 25 −1 43
25 6 M normal 579 98 236 246 −38 −6 −21 −11 −31 −6 −14 −11
02 7 F normal 373 57 170 146 46 7 −23 62 −50 −8 −30 −12
04 7 M normal 366 94 105 167 −11 −7 13 −17 104 33 18 53
05 7 M normal 397 117 100 180 −15 −23 0 8 - - - -
06 7 M normal 246 54 45 147 −39 −8 −8 −23 - - - -
07 7 M normal 149 54 19 77 29 13 5 11 - - - -
08 7 M normal 252 71 47 134 13 6 3 4 −96 1 −40 −57
11 7 M thin 170 43 31 96 −29 −8 6 −27 140 17 34 89
12 7 F normal 226 46 66 115 92 30 −10 72 126 32 31 63
14 7 F normal 406 79 168 159 −31 −1 −42 12 - - - -
16 7 F normal 498 74 261 162 9 −19 47 −19 99 −14 123 −10
17 7 M normal 266 147 18 100 19 −2 1 20 104 67 8 29
19 7 F normal 307 52 79 176 6 8 25 −27 - - - -
20 7 M normal 294 41 72 181 43 5 5 33 108 13 9 86
01 8 F normal 303 46 128 129 5.0 −2 −2 5 - - - -
03 8 M normal 404 103 113 188 −47 −31 −19 3 - - - -
09 8 M overweight 113 30 28 56 29 11 13 5 - - - -
10 8 F normal 269 32 48 188 12 0 11 1 155 25 46 82
13 8 F normal 238 50 44 143 76 10 2 64 - - - -
15 8 F thin 141 18 41 82 139 25 63 51 142 26 63 53
18 8 F normal 182 31 73 78 −16 −3 −7 −6 11 −1 −1 13
Mean difference reported- weighed 7 −1 1 6 65 15 16 32
Median difference reported- weighed 6 −2 1 5 101 14 7 42
SD difference reported -weighed 50 14 24 30 79 21 42 43
Paired t-test p-value 0.49 0.71 0.77 0.30 0.00 0.02 0.17 0.01
p ≤ 0.05 = significance level.
*BMI classification according to IOTF (17).
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children made two errors), four errors were made at the
food category level, e.g., recalling a red pepper when cu-
cumber was observed, six errors were intrusions and five
errors were omissions. Our findings demonstrate young
children can report on food items with higher accuracy
than a previous study which found children age 6–
11 years of age correctly reported 72% of food items
[23]. The same study also found that parental report was
negligibly more accurate than the child’s report; 78% and
72% respectively [23]. When our findings are compared
with earlier findings of child self-report of the lunchmeal, children aged 6–12 recalled correctly 60.5%-80.6%
of the time on average with accuracy improving across
four grade levels (grade 1 to grade 4) [24]. Similar to our
findings, others have reported that accuracy is better for
a single meal than across an entire day [25].
Teachers over-reported the children’s dietary intake
(n=14) in all but three cases (see Table 1 for energy dif-
ference). Approximately half of the over-reporting of
calories can be attributed to carbohydrate (33 kcals). A
paired t-test indicated significant differences between
recorded and weighed intake (Mean difference (SD):65
(79) kcals, p=0.01). Pearson’s correlation showed a
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Figure 1 Bland Altman plot depicting differences between the child-report intake and reference method against their mean values,
the solid black represents the average difference between the estimate and the weighed food amount (7 kcal child-reported), dotted
lines indicate 2 SD from the mean, and the solid red line at zero denotes where the mean would fall if the measurements agreed
perfectly.
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Figure 2 Bland Altman plot depicting differences between the teacher-recorded intake and reference method against their mean
values, the solid black represents the average difference between the estimate and the weighed food amount (65 kcal
teacher-recorded), dotted lines indicate 2 SD from the mean, and the solid red line at zero denotes where the mean would fall if the
measurements agreed perfectly.
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reference method (r = 0.83, p<0.001). Upon inspection
by Bland-Altman plot (Figure 2) a systematic disagree-
ment was observed between the methods, although mea-
sures are within 2 SD of the mean for all but one subject.
In an additional sensitivity analysis we compared what
children served themselves prior to consumption (i.e.
disregarding the leftovers) with teachers’ records. A paired
t-test indicated no significant difference between weighed
intake excluding leftovers and teacher recorded intake
(Mean difference (SD):42(80) kcals, p=0.08). Teacher-
recorded data correlated negligibly better to reference data
when leftovers were excluded from the analysis indicated
by Pearson’s correlation (r = 0.86, p<0.000). This differ-
ence in findings is explained by two subjects who had a
large amount of food leftover by reference method, 112
kcals and 141 kcals respectively, which we can only as-
sume was not accounted for by the teacher. All other
subjects’ left insignificant amounts of food; from 0 to 30
kcals. This implies that teachers may not have had time
to supervise children while making accurate records of
food consumed.
Parents (16 mothers, 3 fathers, 2 unrecorded) in 4 of
21 cases were aware of what the child had eaten at
school either by menu familiarity or in conversation with
their child. In all other instances parents had no know-
ledge regarding the child’s intake. Not surprisingly, none
of the 21 parents reached were able to provide any infor-
mation on the quantities consumed. Similarly, Living-
stone et al. and Baranowski et al. [4,26] reported low
agreement between parental reported dietary intake and
reference intake.
A major limitation of this study is its sample size. These
results cannot be generalized to larger populations and
future research should investigate children’s recall in
larger, more diverse populations. Our sample was mainly
thin or normal weight, with the exception of one subject,
which limits the ability to extrapolate these findings to
overweight children who have been shown to under-
report energy intake to a larger degree than normal weight
subjects [27].
An additional limitation is our validation of only one
meal served at school as opposed to a full 24 hour recall.
At school the choices may differ compared to a free liv-
ing situation. These results cannot be generalized to
school settings with proportioned servings but may be
more relevant for naturalist settings resembling free-
living situations. Swedish schools offer a self-service line
with notable variety on a buffet table in which students
may take as little or as much as they wish. Because
school lunches are a main meal provided outside of par-
ental control it is important to identify ways of obtaining
this often missing data, our findings may assist others in
conducting dietary assessments with young children.Two additional limitations remain. First, dietary recalls
made with both children and later with parents were not
audio recorded and therefore we cannot verify that the
script in the S.O.P. was followed precisely by the individ-
ual study dietitian. Second, parental knowledge may have
been better if the time interval had been shorter (i.e. the
evening of consumption), although this may have alerted
specific children to the interview that would occur the
following morning.
Despite these limitations, this study adds value to our
knowledge of dietary assessment in young children. It is
among the first to examine young children’s’ ability to re-
call a single meal (lunch) consumed up to 24 hours prior.
Eck et al. [28] carried out a 24 h recall on the lunch meal
consumed by children aged 4–9 years and collected
reported intake from the mother alone, the father alone
and children reporting with parents. Eck et al. found that
the group report was more accurate than the individual
parental answers, illustrating the value of the child’s con-
tribution. Johnson et al. [29] reported that children aged
4–7 reported their energy intake more accurately on a
group basis when using multiple 24 h recalls.
It is also possible that the children participating in our
study were able to report with a high degree of accuracy
due to the fact that the recall was carried out on a single
meal as opposed to several meals over a day, as suggested
by Baxter and Thompson [25] and Meredith et al. [30].
Additionally, the SACINA method offers photos and por-
tion estimation aids which may have contributed to accur-
acy. In contrast, the lower degree of accuracy found in
teachers’ records may be due to external factors, such as
being responsible for the care of multiple children at one
time. Nevertheless, it is important that children, and to
some extent teachers, can report the lunch meal with a
high degree of accuracy as this is the most frequently
missing meal in parental reported data. Our findings offer
future directions for completing missing dietary data using
information from children themselves, given that their
teachers may not normally have the resources to observe
intake and account for leftover portions. Collection of
high quality dietary data advances our ability to relate diet-
ary intake to health outcomes.
Conclusion
Children 6–8 years of age accurately recalled their
lunch intake for one occasion while teachers recorded
with less accuracy. Our findings suggest that children as
young as six years of age may be better able to report on
their dietary intake than previously suggested, at least
for one main meal at school. Teacher-recorded intake
provides a satisfactory estimate but with greater system-
atic deviation from the weighed intake. Parents were
not able to report on their children’s school lunches
consumed on the previous day. Future research should
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children younger than 8 years of age as it seems that
young children may be better reporters than has previ-
ously been suggested, at least in case of a single main
meal at school.
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